Activation of cyclic AMP-dependent protein kinase reverses tolerance of a nucleoside transporter to ethanol.
Adenosine mediates some of the acute and chronic effects of ethanol in neural cells. In cultured NG108-15 cells, ethanol inhibits adenosine uptake via a specific facilitative nucleoside transporter leading to an increase in extracellular adenosine, activation of adenosine A2 receptors and increases in intracellular cyclic AMP (cAMP). After chronic ethanol exposure, an adaptive decrease in receptor-stimulated cAMP levels occurs. Additionally, the transporter becomes insensitive to rechallenge with ethanol and adenosine uptake is not inhibited. cAMP levels are decreased in cells chronically exposed to ethanol and we show here that cAMP-dependent kinase (PKA) activity in cellular homogenates also is decreased. Therefore, decreased cAMP-dependent phosphorylation may be responsible for loss of ethanol sensitivity. To test this hypothesis, NG108-15 cells were treated with agents that alter PKA activity and the ethanol sensitivity of adenosine transport was measured. In naive cells, decreasing PKA activity with the cAMP antagonist, Rp-adenosine-3',5'-cyclic phosphorothioate, resulted in ethanol-insensitive adenosine uptake. This effect was blocked by the phosphatase inhibitor, okadaic acid. These results suggest that loss of ethanol sensitivity is correlated with decreased PKA activity. Therefore, stimulating PKA activity in chronically treated cells should restore sensitivity of adenosine uptake to inhibition by ethanol. Indeed, the cAMP agonist, Sp-adenosine-3',5'-cyclic phosphorothioate, restored ethanol sensitivity of transport in cells treated chronically with ethanol. Our results suggest that ethanol sensitivity of adenosine transport is regulated by PKA and protein phosphatase activities in NG108-15 cells. Moreover, the effects of chronic ethanol exposure on adenosine transport can be reversed by activating PKA.